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‘'he method apnlied for the observation of Venus' radio

ABSTRACT.

erission in the 4 rm, wavelength is here described, Whe observations
were made with the ald of a 22-meter radiotelescope of the the Phy-
sical TInstitute of the USSR Academy of Sciences during arche llay
1961, The brightness temperature referred to the visible part of

the disk of the planet, was found to be minimum in the lower conjunc-
tion and ecual to 390° x120°K. ‘he brightness temperature increases
sormevhat with the increace of distence from the lover conjunction.
since the antenna paramecters were not determined with suiiicient
accuracy, it was only poszible to estimate this increase, which by
the end of observations did not exceed 2Z0°K . it that time, the re-
lative area of the illuninated part of the disk was 0,04,

The obtained velue of brightness temperature at L4 rm, results

very close to that observed in the & mm wavelength, and this seems

to sugsest a couparatively low radiation absorpticn in planet's

Obviously, furtier comparisons with the recculis obteined in
the centimetcr band will allow conclusions concerning the renersl

vhysical conditionz on Venus,



I. IITRCDUCTION

lfeasurcments of Venus' self~radio emission offer a zreat

interest, for they allow the obtention of a series of important

informations on planet's temperature resime, on the character of

its surface and atmoschere co.uposition, and also on certain of the

rotation elements, To clarify the mechanism of Tenus!

radio erission

and the part its atmocphere plays in the absorvtion of the surface-

enitted radiaticn, a worticular interest is oficred by the obser-

vations in shortest morwuible wavelengths of the centimeter and milli-

neter bands. However, progressing tovard shorter waves is beset with

consziderasle dif jdculties connected with the rise of

the Liarih's atmosihere, and the detericration of the

thce receiving devices., So far, observetions of Venus'

T

absorvtion in
parameters of

rscio emission

were conducted in wevelencths not shorter than 0.8 cn [l, 2].

uring the period llarch~ay 19C1, observztions of Venus!

racio ern

telescovne of the Institute o:f Fhysiecs in the nanme of

the USSR

srion were carried out at 4 mm by nmeans of a 22-meter radio-

P, N.lL.ebecdev of

Acaceny of .clences, EB]. (The utilized 4 nm radioneter

vas worked out at HIRFI of the Gort'liy sStete niversity in the name

of iI. I. Lobachevsiziv). A brief nrelirinery poner concernins these

obser.otions was vublished in [4]). Described is in the current paper

the method of observation and the processing of the reuults obtained

which at the samne tire are brou-ht out in detazil.

APTGINS

IT. 12THOD 0 OF

emxission is analogus to that described eariier Cz].

Slonm one coordinste — the

vicibility,

e nethod ap-lied for the nmeasurement of Venus' radio

~ht, the vlanet was folloved
D7 tiie antenna of the r-diotelescone. In the nresence of ovntical

which prevailed durine rost of observetions, the trecking

vag eifected in the rezime of visual guiding with the z2id of a onti-

~

cal visor from the upuer cobirn of the redio telescove. During the

izolate . days near the lower conjunction, a:d because of absence of

visicdlity resulting in undesirable gaps in observation, the treciing



in height was reslized by automation with a coumplementary correction
Cs3.

secause of the daily rotation of.tpe Zarth, the antenna was
alternately assigned a velocity somewha%%gggrlower than the azimuth-
al velocity of Venus' own rotation. lultiple pas:ings of the plcnet
were thus obtained from left to right and vice-versa. In order to
obtain the angular scale in passing's readings, additionsal markings
were placed besides the usual minute time markings from the chronone-
ter, that corresponded to a known angular distance in tihe pictorial
plane.

To avoid errors connected with the inaccurste knovledsge of
the mutual disposition of the optical axis of the visor and of anten-
na's electrical axis, a few series of Venus' pascage for a different
visor position in height were recorded. At time of procecsing the
series of readings corresponding to the maxinum signal wvas sorted.

Teriodical calibrations of the intensity of the received
signal were conducted in the course of observations by means of rezig-
tering tie euission of an absorbing wedge introduced into the signal's
path by rewote control. In clear days, an additicnal calibration was
also conducted at the end of observations by atmosthere radio ermiszion
at various zenithal dirtances of the antenna axis. In order to comnute
tiie Venus' brichtness temperature, radio emisrsion fro.: the Moon was

also measured in the course of tliie observation period,

Ze LusTHOD OF Tis PrROCHZ.TING OF iiSULTS

The directly measured cuantity cduring radiocastrononical obrcr-

[l
vations is the antenna temperature TA of the investigaoted source of

emission. The antenna tenmcrature of Venus is

TS F (el

Ta, = - — 1)
Q VOE(Q)de

(i)

=
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vhere T (§3) is a function describing the brightness temweraiure
distribution alonz the Venus' dislz, F () is a function describing
the antenna's radiation pattern.

erature,

Introducing as usuel the planet's brishtncss

averaged over tue disk

QS T (Q) I (Q) dQ

o
Tg= = —— —, » (2)
F(@) a0 '
£
where $3q iz the zolid cnzle of the visible dict of Venus, and, ta-
Q ] 3
dng in zccount that beyonz that ansle T () = 0, we obhtain
S F {0 d0 - N
Ty =To—2— - = To(l- 3
49 *TT Foa ¢ ?) (3)}
(4%)
Here[50 is the esntenna's dic .ersion feactor outside the visible

disk of Venus.

In order to determine the Venus' brichtness ternnerature
directly from (Z), onec must know the antenna's total radiation
pattern. Zut this ic beset with cconsgiderable difficulties and is
eficcted with great errors. The plest and nmost accurate means of
temperature measurement of an euitting object is the comvarison with
any well known cosmic source oi radio emission. That is why in the
current work the brightness termperature of Venus was deternined by
comwarison with the bri gshiness temmerature of the centrzl mart of
the Moon's disk, considered well known [6].

irnastiuch as the nmeasurements of Venus' and Moon's radio
episiion were, generally speaikins, conducted at diTiere t tires, and
under mutually different meteorological conditions, we utilized, as
wes already mentioned, an intermediate celibwration either by the
euission of an avrsorbing wedge [7] , or zccordine to the veriction

of atwors here's notarel enlssion 2t (i erint zenithel distonces (6],

oY



It may be shown, that the antenna temverature of Venus is
]

T T, —T,
- } - (4)

Tag—=qoTy|[1+8+8 2570 4
AQ*qQ ol TQTo TQﬂTo

netions were introduced :

do —d
9o = Q ¥

i

dl( - d"—‘ ! I

)
i

where dQ; dﬂ.and dK, are re..ectively the deilections of the radio-
reter's output device at antenna puiding at Venus, its imiedistely
neichvoring sy resion, and olso at esbrrbing vwedge introduction in
the sirgnal's path. Further, T, is the temmerature of the near-iarth's
atmozvhere layer at time of observation g A is the correction, accoun-
ting for the atmowvhere anisothermicity [6]; T,  is the el.cctive
emiszion tempersture of the parcel of the sky near Venus H Eu is the
temperature of the surrounding background, aversged over the lateral

.

and rear lobes oi the antenna;'fg is the absorr

tion coefficient
in the ZJarth's atmosphere in the direction to.ard Venus Tk:is the
temperature at which the absoring wedge finds itself ; N is the
efiiciency of the radiotelescope's antenna ; P ies the antenna's diswer-
sion fector outside the soiid ancle (near the direction toward Venus),
in which the sliy's radiobrisiitness ney be estimated constant.

e mey vrite correlations, sinilcr to (3) and (L), for the

antenna temucrature of the center of the lMoon's disk

. T —T. T T
TA.:q.To[1+A'+-B—*1~.“+“h.a . I
1 a T, T, (2)

LAl the desirmetions in (5) heve a sense aznclo~us to that

)

dnitted in (&), Desides it is obvious tha

Tag=Ta(l —B), (©y

1

vhere Ty -1is tie bri-btnecs ternorsiuze oi the centrsl w3t of the

R .

roon's disk, cetermined sivdlerly to () ; Pn is axtenvs's dic ozigion

fictor outside the vicible dirz o ihe lloon. (see infrapaninel note

——



when meccurements ol loon's and Venus' rsdio esds-ion are
conducted under comparable atmospreric conditions, and becides, the
invesztigated sources are located during obuervations at shout the
same zenithel distances (and suiiiciently swmall), the comoncnts in
scuare brackets of (4) and (5), mey be ccnsidered ecual **.

Then, we ey obtain from (Z), (&), (5), and (6)

gl =3 1
To= T,-% —22° 7
°T g, 13, T Y
Let us now wass to the con ethod of radiometer calibra-

tion —~ by the aifierence of the atmosvhere's eizsen radio euis—ion
for two dif:crent zenithal distances, Usually, tle dircciions toward
the horizon end at a 10° ansle to the horizon vcre cliosen for such

y -
points Guiing observations. In the first'%&se tire antenra iz directed
tovard the region with a temperature cgual to that of the air in the
near-terrestrial layer (since tue avcor tion coefficient of the 4mm
waves in the larth's atmo: chere is cu ficicently great [8]. The bright-
Hk)
may be computed by means of viell knovn valucs of radiowave absorption

ness teioerature of the sky nortion at 10° above the horizon (T

coeificients in the 4 mm band in oxygen and water vapor, and also of
the clficctive heights of 0, and H50in the Barth's atmosphere [9].

The cuantity of water vapors in the atmosphere an the day of measure-
nent wes determined by the data on eir moisture supplied by a nearby
meteorologi&al station. Thus, at calibretion by ztmozphere, the Venus!

brightness tecmperature is ecusl to
i_B s Al
TQ??Q 1_BQYQ(T0-15x)- , ®)
snoanalosus conzelation for tie radiobrightness of the central port

of the l.oon has the form

Ta=gnj BB 1n(To— T.,h\ )

“) and **) see Avnvendii,



99 1—Pa To To— " (10)

In deriving correlations (5) 2nd (9) it wes as umed thet the radiation
of the background sulrouncing the zntenna, everajed over the lateral
and rear lobe: of antennas, mey be ne~lected on sccount of the snall-~
ness of antenna's rotation angle.

"he error considercd acceptcble at such colibration nethod

P -~
088 1o

+ 3¢ 4 57, vrovided the nc

Moon's enic-ions are concducted at su_.icient height o
above the horizon (3C°), wiick ves satisfied

rity of crzes. Lovever, calibration by ctno.phere is only an» licable
in tine of steady cloudless veather, ~lLen the abmorntion in the atmos-
phere lends itself to estimation, Thus, the secvond calibration mnethod
ves only used to check the first, fundarental method.

The ratio

1—8y _ o | (11)

for-ula (9). To deternine it,

4]
¢
]
[
a
97}
=

enters in formula (7) o
+he antenna ra.istion paticrn must be knovmn wit in the lizits of
irlencsions o: the lunar 1isik, his problem uis colved as follovs:
e width ol the vprincipal lobe of the sntenne racdistion pattern
at the % &b level was determined by the averared vzlues of Venus
paseane through the radistion pattern of the radiotelescone. The

a
results of averarming of several recovcings of the passazc of ¥
o]

(¢l
]

y
s

-

obtrined on 2 April 1961 are precented in i3, 1 (s0lid broken curve ).
The doited line, vhich 1z the curve o- Jenus mnocsace, computed in

the = -mption that the redisntion mettern of the cntenna revresents
a Gauss curve of 1,0 width at the = db. level. The computation wes

cerried out by neans of spophicel intesration. Subsecuentl it was
s 5 L i o 9

considered that the racistion patiern above tiie % db level coincides



ith the Gauss curve of 1.6

width.

.

Zelow that level the pattern nodel was chosen witlin the

bounds of the lunar disli's
tae computed passing of the

ccincide with that obtained

anpguler dinensions in such a vay, that
sun through tliec radiation pattern

thiroush the emperinent. The cornputation

was also rnade by the gravhical integration method. It was effected

separately for the wvuszaces
height,
pattern, considered

novn that in thzt cose, the

to one~dimensional in (11)

{7 (0) sin 040
eﬂ

i

4

of the Sun =lons the azinuth® and the

For the calculection, chosen weas 2o corircsvonding wmodel of
b - D

metrical rotetion fimure. It is well

srals are reduced

tio=-dilensional inte

o

(12)

where @, are the

anc 92

sian disks re:

isible angular

scctively. The integrels entering into the

{ £ (6) sin 6a0
’Q

2dii of the lunar =n: venu-

erpression

(12) were computed rravhically.

fize. l. Averasing of & Tew
of Venus' peszing on Z

determined by linear interpolation. The

In connection with

the fact thet the exierimen-

tel curves of Sun's passage

at the

4

resultec different

Perinaing and tihe end of the

observetion »noriod, computa-

tions were conducted for both

res, end the respective

G
rJ
’\)

20 liay are plotted in Fig. 2.

recordings Suring the dntermedicte days
cpril 1961 .
§ ‘ tie antennz parameters were

i

not:zble broadening in the

raaiction pattern of the antenna having tcolken plece during the obser-

vations, wss aplarently the rezult of th

due to

ermal dictortions of the mirror

- -

air temi.crature increase curing the period from llarch to iay.



A sinilar deverioration of antenna parameters vas also noticed at
the observation of Venus' radio eniscion in the 8 mm wavelensth, [[10].

lg. 2. Clasrenm of the radiation »aticrn
oz fhe rediotelescone antenna
for 2z l'arch and 23 liay.

1 p——ramna s oy =

P

0Z‘58/0/2/0/6‘/82022242520-70.72
Disztance between the cente:r oi the ‘un and
the axis of the disgrem in enmilar minutes,

Fige. 7 Curves of the Sun's passage, cornputed
by the digzrams of Fim, 2., Crosses and circles

~

indicete the exvgerimental points for 22 iarch
and 2& llav
Flotted are in ig, Z tiie curves of JSun's pastege at the begin-
ning ana at the end oy obszervetions, com uted acc

Jhe relative cryor in tine

(‘_-PA /(l - Pg con.titutes about E15.5, lLovever, its absolute
velue 1s tno.n withh luos accuracy, inasnuch as an ervor of F 59, linted

vitn the fect that certain siv~lifications are made vhen wmrocessing the



readings of solar radio emiczion: Indecd, the Sun vas ascumed to
be a uniformly bright disk with sharp boundesries. Thus, when deter-
mining the antenna paraneter ﬂ__pﬂlu _.mﬁb at 0 error is
nozcible,

logether with the calibration error of the radiometer, the
total mean-s:uare error in the messurement of intensity of Venus!

adio eniszion constitutes + 3095,

L, RESULLS OF Cneln

The obzervoations oi Venus!' redio erdssion were carried out
from 19 iiarch to 20 llay 1901, several dozens of recordines of
Venus' passcoge throush the radiotelescove's rzdistion nattern

were made during every day of observation. Thc rea inge obtained
were averaged, and thie mean Venus' antenna temverature TAQ and
brightness tenperature TQ (the former corrected for stmosmhere
absorotion and the latter — averaged) were computed for every day.

The rezults of procesuir

..S

g of a2ll e:xperinental data are nlotted in

the zreyhs of Fige 4 and £, where TAQ. and T$ are shovn as function
oi the dcte of obeervation. ‘
Vertical cuts in the gsraphs indicaste the mean-ccuare errors

a

in tle determination o the averase computed for every day of obser-
vations. The sharp rise ond drop of the antenna temperature Ty
visible in the grerh of Tig. 4, are exvwl-ined by the vericztion of
distance between Venus and the IJarth, teizing plece during the period
of observations. The hichest antenna temperature was near the lower

s

niunction (arror of Fiz, 4), The bri zhtness tenicrature of Venus

¢

is ninimun near the lover comjunction and ecual %o

TSg He == 390 X 120°K.

As may be seen from iz, 5, there is a tendency for TQ to
rise wien noving toward either side from the lover conjunction.
‘'his mar be construed as the vhase course of its radio ernic- ion,

@ Lr01blv linted with the incrcase of the visible pirt of Venus!



11.

disk iliurdncted by the Sun. Phis is bettor outlines in in. 6,

Jor
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It must be noted that the phase devendence curve may be
only cetermined with precicion of the band shaded in 7ig. 6, wviich
is linkted with the inaccuracy of antenna perameters' determination
ac the beginning and at the end of obse:rvations. Desides, the whole
curve of phase dependence may chift up and down by the quantity cor-

resvonding to the measurement error, say F30%.



I'or the theory of Venus' radio emission a significant
interest is offered by the difierence in the Maﬁnitude of bright-
ness temverature for its various phases, At time of lower ccnjunc-
tion the relative surface of the illuminated wart of the disk con-
stituted 0,007, and at the end of observations (28 May) ~ 0.2k,
Decause of tle low precision in antenne varaneter determination,
one ney only ascert that the di:ference in brichinescs tewperatures

for these tuo bhases oi Venus does not exceed 270°K,

.K R
500 s |
oot %

JI

Y.

J00;

202530 5 1015202590 5 1015 20 26
liarch Anril lhay
Date of Chservations

Fig. 6. Cevendence of Venus! brichiness temperature
averaged for 10— 15 days, on the date of observation,.

The obtained value of brichtness temperature at l+mm.,
reszults close to its value at & rnm [1, 2, lO], vaich is evidence
of an avn.rrent relatively snmell absor tion ol the emis~ion in the
planet's etmosvhere., further comparison with the results obtained
durins secasurerents in centimeter wavelengths aliows to derive

conclurions as rezards the physical conditions on Venus,
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APPENDIX,

iotes *) and **) from page 6 :

*) Inasrnuch as the solid ansle or the mein lobe of the
tanticlly smaller tlhan tie zolid encle of the lloon's
ty Tn nractically cor:czrtonds to the tocuvcrazurc o

of the disl

then be =zcceptable on account of variations from
nent not accounted for. lesides, the ¢urntity T, iz 1tse11 Enown vwith
a prscision to 'rlOm. Thus, the cyoremate mean-scuare error that nay
apocer at that stere of the procencines, conztitutes 112 .

*%) The estinmcte of coimonents in (&) endé (5) shows tuat a 7$ error
: X




